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Abstract. The high-precision measurements of the radial velocities (Vr),
which were obtained for the member stars of M 67, are used to calculate the Vr
dispersions in earlier found stellar groups in the cluster corona. The previously
detected feature for stars in one of the groups (gr. 60) consisting of the almost
full identity of spatial velocities was confirmed. The possibility of more accurate
groups parameters studies in future with the help of the GAIA catalogues is
discussed.
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1. INTRODUCTION
Star group due to the small number of members do not show any significant
concentration of stars in the sky field plane. To find them special algorithm is
developed, which is based on analyzing the stellar density distributions to recognize
groups of stars. Also, one can search areas with higher concentration of stars using
observations in X-ray, Hα and the other photometric bands, which will be very
effective. It allows to look inside and behind the molecular gas clouds which hide
the stars. Thus, the observed star distribution is deceptive and becomes more
evident with the help of suitable filters and special methods. Our contribution
to this direction of research is to detect groups in the corona of open star cluster
(OC) M 67 (Chupina & Vereshchagin 1998) and group 189 near NGC 1977 cluster
(Chupina & Vereshchagin 2000). It should be noted that one of the first papers on
the topic was published almost forty years ago by Latyshev (1977). The problems
connected with the groups detection is discussed by Mamajek et al. (2015).
To confirm the reality of existence of the stellar groups, a number of additional
checks should be conducted, including verification on the random fluctuations of
stellar density. Also, the differences between parameters of the stars, for example,
proper motions and radial velocities, should be estimated with statistical signifi-
cance. More accurate observation increases the reliability of such tests.
2. THE SPECTRUM OF VELOCITY FLUCTUATIONS
M67 is the nearest to us from the old OC (7.0±0.5 Gyr, Jiaxin e.a. 2015). The
cluster is high in the disc (Z = 480 pc), moving on an orbit with a large inclination
2 S.V. Vereshchagin, N.V. Chupina
Fig. 1. The distribution of the M 67 region stars on the celestial sphere. The dots
show the stars from Frolov & Ananyevskaya (1986). Stars indicate the stars of the groups
with radial velocities found in the catalogue by Geller et al. (2015). The group numbers
are also shown.
to the disk plane, Wu e.a. (2009). These indicate that the dynamic interactions
with molecular gas clouds of the disk is not occur and there is no dissipation of
stars from cluster owing to external interactions.
Chupina & Vereshchagin (1998), used data from Frolov & Ananyevskaya (1986)
have detected five stellar groups in the corona of M 67. The groups are located in
the low density area. They include from 5 to 11 stars and have average sizes from
0.5 to 1.2 pc. By analysis of proper motions, it has been proven that the groups
are not random fluctuations of density.
Geller et al. (2015) measured the radial velocities for 13776 stars, of which 1278
are candidate members of M 67. An average error of Vr is less than 1 km/s, instead
of the prevalent value of 3 km/s. The catalogue has the area size of 2.5◦ × 1.5◦,
which is comparable with Frolov & Ananyevskaya (1986). Using high-precision
data, we rechecked the existence of the groups in M67 by radial velocities. Note
that Vereshchagin et al. (2014) considered only the central part of the cluster and
thus obtained different results. Figure 1 shows the distribution of stars on the
celestial sphere from the catalogue given by Frolov & Ananyevskaya (1986) and
stars of the groups, for which are measured Vr in Geller et al. (2015).
3. THE DISPERSION OF RADIAL VELOCITIES
Geller et al. (2015) list the M 67 membership probabilities given by various
authors. First, we selected stars, for which at least one author have non-zero
membership probability (P ), then we have taken stars with P ≥ 60% by Geller
e.a. (2015). Our sample consisted of 627 stars. According to the sample, the
average value of the radial velocity is 〈Vr〉 = 33.58 ± 0.86 km/s. The same we
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Table 1. The star groups parameters.
The group/ V, Vr , εVr , 〈Vr〉, σVr , 〈l〉, 〈l〉
star number mag km/s km/s km/s km/s mm pc
gr. 32 35.9 5.1 12.47 3.01
10055 13.52 32.60 0.20
7051 13.34 35.00 0.21
4046 13.35 6.78 0.31
4035 12.86 33.66 0.14
13035 9.98 45.00 0.10
11030 14.18 33.35 0.30
gr. 33 7.66 1.85
5066 12.54 35.00 0.06
gr. 44 6.79 1.64
5048 13.55 33.62 0.46
gr. 49 41.0 15.0 12.47 3.01
6070 14.36 34.88 0.24
4063 12.96 33.60 0.13
1058 11.34 49.47 0.13
3059 10.87 27.44 0.13
3060 13.01 33.14 0.15
1077 10.02 67.65 0.15
gr. 60 33.0 0.5 12.47 3.01
4034 13.71 33.38 0.16
12038 14.44 32.54 0.30
5041 13.41 33.10 0.24
5039 13.64 33.60 0.14
5043 13.50 32.88 0.19
2046 12.59 32.26 0.26
8052 13.67 33.39 0.29
have defined for the groups shown in Figure 1. The results are in Table 1. Using
Fig.1 from Chupina & Vereshchagin (1998) we calculated the average sizes 〈l〉 of
groups, which are also in Table 1. The first column of Table 1 shows the group
number according to Chupina & Vereshchagin (1998) or star number according to
Geller et al. (2015). The following columns exhibit the V -magnitude (V ), radial
velocity (Vr) and its error (εVr ) from Geller et al. (2015), the calculated average
value 〈Vr〉 and mean quadratic deviation σVr for the groups. Columns (7) and (8)
have the mean sizes of the groups in mm and in pc. Their values are in the range
from 1.85 to 3.01 pc. Since the groups outlines are irregular in shape, we took the
average value between its largest and smallest diameters. In the group 32, star
with number 4046 by Geller et al. (2015) is discarded. For groups 33 and 44, we
found only one star with measured Vr and the σVr is not defined.
4. ON STAR GROUPS PHYSICS
To estimate the velocity dispersion we apply the formula:
σV =
√
γ ·Mcluster
Rcluster
,
where γ – gravitational constant. The parameters for the statistically stationary
cluster with parameters similar to M 67 are Mcluster = 1000M⊙ (the 1000 star
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of the same mass equal to 1 Solar mass), Rcluster = 100 pc. For M 67, σVr =
0.14 km/s. For groups containing about 10 stars in a region with radius of 1.5 pc,
get almost the same value σVr = 0.12 km/s. Thus, for the stability of a cluster as
a whole and for internal star groups in cluster corona too, it is required to have the
dispersion value approximately equal to 0.12 – 0.14 km/s. The observed dispersion
given in Table 1 is significantly superior to this theoretical value interval, even for
the group 60, which has the minimum value of 0.5 km/s. Perhaps this is due to
the groups not being in the steady state.
There are several approaches, which explain this problem. In the star systems
with a small velocity dispersion the mutual gravity can generate paired and mul-
tiple correlation of the position and velocities of stars. Modern calculations show
different instabilities inside the OC and the appearance of substructures. Thus,
according to the N-body calculations for model of spherical star systems (Poly-
achenko 2015) the cluster may become non-uniform with regions of high density,
in late stage of its evolution, when the age of the cluster exceeds the relaxation
time.
The calculations of the open cluster dynamics show the formation of the star
groups or streams with the similar space trajectories and dynamic characteristics
(Danilov 2002, 2005; and Danilov & Leskov 2005). Because the formation of stellar
groups with the similar orbit oscillation on the periphery of the cluster (Danilov
2005, 2006) can be the force field fluctuations. To understand the influence of
instability on the dynamics and kinematics of the star groups inside the OC, one
can analyse the phase density fluctuations and their spectra. This method gives an
indication of the formation of the density waves and groups of stars with different
kinematic and dynamic characteristics (Danilov & Putkov 2013, 2014; Danilov
2015).
5. DISCUSSION AND CONCLUSIONS
5.1. Gr. 60 (see Table 1) stands apart from others, it has very small dispersion
equal to 0.5 km/s. This value is close to the physical limit of radial velocities
precision for the individual stars. This limit is associated with the gas motions
in the stellar atmospheres (granulation, etc.). A similar result for the tangential
velocities of this group was obtained by Chupina & Vereshchagin (1998). Also
this group has a small number of giants and supergiants in comparison with the
cluster as a whole.
It can provide information about the time of its formation by analyze of the
CMD-diagram. This result suggests that the stars of gr.60 are physical related.
Is gr.60 a group of dynamic nature or hierarchical system? On the similarities
and differences between our groups and hierarchical systems we give the following
argument. The average distance between Mizar and Alcor is about 0.64 pc, this
is similar to the distance in the groups. The Mizar-Alcor hierarchical system has
two main components – stars located at a large distance, and the other stars in
their vicinity. In the groups all stars are in average equidistantly. But, question
of all hierarchical systems are similar to Mizar-Alcor, or they may consist of the
equidistant stars is still unanswered. It can be clarify by the dynamic calculation
and analysis of the structure of the known systems. It is useful to take into account
the peculiarities of Vr dispersion in hierarchical systems.
5.2. The estimation of significance level. We accept the null hypothesis: dis-
persion for the gr. 60 (0.5 km/s) and for the cluster as a whole (0.86 km/s) are
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Table 2. The sparsely populated clusters from MWSC II.
α δ MWSC name Nr0 Nr1 Nr2 r0 r1 r2 r2, dist, log(t)
degree num degree pc pc
084.4755 -06.9560 0607 KMS 35 5 6 7 0.018 0.060 0.095 1.4 636 6.600
084.6825 -02.6000 0612 Sigma Ori 2 6 9 0.030 0.280 0.400 5.8 390 6.100
086.6775 +00.1000 0664 NGC 2068 0 5 9 0.020 0.075 0.140 2.0 747 6.450
093.5100 -09.3750 0807 FSR 1120 3 7 9 0.020 0.075 0.140 2.0 830 7.300
110.9835 -25.3590 1205 FSR 1293 2 8 10 0.010 0.037 0.080 1.2 962 9.005
269.9325 -28.2070 2769 Trumpler 31 2 6 12 0.018 0.090 0.165 2.4 830 8.635
308.4585 +40.1150 3367 Kronberger 59 3 8 12 0.010 0.045 0.075 1.1 844 8.000
110.6550 -05.1150 1194 FSR 1157 2 8 14 0.010 0.045 0.090 1.3 926 7.700
260.1705 -35.8830 2575 vdBergh- 3 9 15 0.015 0.045 0.070 1.0 895 8.450
Hagen 223
086.7915 +00.3000 0665 NGC 2071 2 8 16 0.020 0.090 0.140 2.0 953 6.550
268.1250 -30.1050 2727 Basel 5 1 6 16 0.020 0.120 0.200 2.9 995 8.850
264.4725 -08.0850 2650 Mamajek 2 3 8 17 0.060 0.190 0.310 4.5 174 8.100
139.2000 -47.9450 1645 DBSB 36 1 10 18 0.015 0.070 0.130 1.9 748 7.500
328.3725 +47.2650 3571 IC 5146 1 5 18 0.020 0.080 0.165 2.4 770 6.000
130.4700 -79.0450 1535 Mamajek 1 1 5 19 0.030 0.190 0.420 6.1 112 6.990
equal. On the criterion of a Fischer-Snedecor F = 0.86/0.5 = 1.72. Degrees of
freedom: k1 = 627− 1 = 626 (whole cluster), k2 = 7− 1 = 6 (gr. 60). We choose
a significance level equal α = 0.05. The critical value is Fcr(626; 6; 0.05) = 2.1.
Thus, F < Fcr and the null hypothesis is not rejected. This means that the radial
velocity dispersion of the group and one of the whole cluster are not formally differ.
Group 60 statistically insignificantly different from the cluster as a whole. How-
ever, looking at Table 1, we see that the Vr dispersions of the other groups (32 and
49) are significantly different from both 60 and from the entire cluster. Although
it should be noted the effect of individual stars with Vr-value very remote from
others. The reason for the latter is worth considering in the future.
5.3. The question about the difference between the groups and sparsely pop-
ulated clusters exist. What are the minima OC dimensions? Table 2 shows the
clusters with the smallest number of their member stars, which we have got from
MWSC II given by Kharchenko et al. (2013). In Table 2, we include clusters
located not far away (within 1 kpc) from the Sun. The Table 2 contains the equa-
torial coordinates on J2000, MWSC internal number and the cluster name, Nr0,
Nr1, Nr2 the numbers of stars inside the angular radius of the core (r0), of the
central part (r1) and of the cluster (r2). The distances from the Sun (dist) and
log ages (log(t)) are also included. This distance is comparable with M 67. Their
angular sizes (r2, degree) were converted to linear radii (r2, pc) using distances
from the Sun (dist). From Table 2, we see that size of these clusters and the group
sizes (l in Table 1) are in good agreement.
5.4. The proper motion accuracy in the GAIA project will be up to 20 mi-
crosecond per year (εµ = 20 µas/yr) (de Bruijne et al. 2010). We converted it
into the km/s for the distance from the Sun equal to 890 pc (as M 67) and got
the tangential velocity Vt =
4.74µ
pi
= 0.08 km/s. This is a very small value. If,
for comparison, take the error equals 1 mas/yr as Hipparcos catalog (ESA, 1997)
proper motion, we obtain the greater value Vt = 4.2 km/s. How many M 67
members will be observed by GAIA? We compare stellar surface density of M 67
and GAIA. In GAIA, the number of stars vary for the data with known Vr , µ, pi.
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Fig. 2. The PM (in mas/yr) comparison for the common groups members stars of
Frolov & Ananyevskaya (1986) and Nardiello et al. (2015) catalogues.
GAIA has 24240 star per square degree for stars with known µ and about 5000
stars per square degree for stars with known pi. The density of stars in M 67 is
much smaller and is approximately 318 stars per square degree. Thus, most likely
in GAIA we will find not only the proper motions, but also the parallaxes for all
stars in the M 67.
5.5. In the catalog Frolov & Ananyevskaya (1986), we found a high-velocity star
in the corona. Its data: catalog number 1007, α = 133.70202◦, δ = +12.51210◦
(J2000), V = 11.18 mag, µx = −0.3085, µy = −0.2211, arcsec/yr. Although
the probability of membership is only 3%, it is necessary to understand its nature
carefully, because there are high-speed stars in M 67. In the catalogues by Nardiello
et al.(2015) and Geller et al. (2015), this star is not available. We will continue to
study it, considering the many interesting features of M 67. In particular, in the
M 67 some stars with the exoplanets are detected, Brucalassi et al. (2014).
5.6. The refined proper motions by Nardiello et al. (2015) have not yet been
used by us. They obtained proper motions only for the central part of the M 67
(34′× 33′) down to V ≈ 22 mag. The region studied by us covered 2◦× 2◦. Small
area led to a small number of matched stars in our sample. With the catalog by
Frolov & Ananyevskaya (1986) identifies 218 stars, of which only 14 stars belongs
to the groups. We matched the Frolov & Ananyevskaya (1986) and Nardiello et al.
(2015) catalogues in Figure 2. The points scatter in Figure 2 show proper motion
disagreement (approximately equal to 3σ) amounted to 10 mas. These comparison
showed the need for revision of our old results with the help of Nardiello et al.
(2015) catalogue.
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